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A B S T R A C T
The failure analysis of an insert ring of a burner in a 156 MW gas turbine made of
20Cr32Ni1Nb alloy is presented. Normally, the useful service life of these parts under ideal
conditions is about 30,000 h. However, more likely fracture and failure could be observed in
5000-h inspections, which resulted in the early and premature replacement of these parts.
Microstructural changes of the alloy were carefully examined after utilization by means
of optical microscopy and scanning electron microscopy (SEM). An increase of Nb element
in carbides and dissolution of secondary interdendritic carbides after 5000 h of operation
were observed. The studies indicate that the most damaging factors are the adverse
working conditions and thermal stresses.
 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
An insert ring is a part inside a combustion chamber on which the burner is installed. The function of this part is to
position the burner in order to shape and direct the ﬂame into the combustion chamber. There are eight insert rings for each
combustion chamber of the 156 MW gas turbine (model: Ansaldo V94.2). These rings are positioned above the ﬂame tube,
and the combustion chamber divider sits on the top of it. In fact, this part forms a section of the ﬂame tube plate. Each ring is
held by 12 bolts on the ﬂame tube plate and bears a portion of the divider’s weight. Fig. 1 shows an insert ring and its position
inside the combustion chamber [1].
Based on the working condition of the insert ring (reported by Ansaldo), the outer side of the ring is in contact with the air
transferred from turbine compressor that has a temperature of about 350 8C. But the inner side of the ring is inside the
combustion chamber. Furthermore, in order to cool the insert ring, some holes have been made on it which allow cooler
compressor air (350 8C) to circulate through them [2].
The steel material used in fabrication of this insert ring is based on the DIN1.4859 standard, equivalent to the standard of
ASTM A351 CT15C. This steel is classiﬁed in the group of austenitic heat resistant steels used in cast condition, and it contains
about 31–33% Nickel, 19–21% Chrome and about 0.5–1.5% Niobium (Nb) [3].
Many factors affect the useful service life of hot equipment parts and pieces. In general, insert rings are exposed to the
destructive and critical conditions as following:- Wh
2
liorking environment (high temperatures, fuel and air contamination, etc.).
- High thermal stresses.* Corresponding author. Tel.: +984433728180.
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Fig. 1. Photographs of the insert ring: (a) disassembled from the combustion chamber and (b) inside the combustion chamber.
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Some of these destructive mechanisms are: thermal creep-fatigue (with low and high cycles), corrosion and oxidation. The
most common cause of fractures in turbine parts is the effect of thermal ﬂuctuations resulting from the way the turbine
operates. If fracture occurs as a result of heat stress, the conditions are designated as thermal shock. But if fracture
materializes after frequent application of heat stress, this state is called thermal fatigue. Austenitic steel is one of the
materials which are very sensitive to this phenomenon because of their low heat conduction and high thermal expansion
[4,5].
The studied gas turbine constitutes one of the units of a gas power plant, and on a daily basis, the turbine is turned ON and
OFF once. Also according to statistical surveys conducted during a 5000 h a year period (the lifespan of the studied insert
ring), the gas turbine has been taken out of stream 33 times under emergency situations.
In this investigation, the factors causing damage to a combustion chamber insert ring, which has cracked and failed much
sooner than its useful lifespan speciﬁed by the manufacturing company, were identiﬁed and evaluated after removing the
damaged part.
2. The problem
Direct observations in 5000-h inspections indicate that multiple cracks extend from the outside toward the inside of the
insert ring. There are converging and parallel cracks on the surface of the insert ring and also surface wrinkles on some parts.
Moreover, the thickness of the ring is decreased in some places. Fig. 2 exempliﬁes the cracks, surface wrinkles and decreased
thickness of the ring.
Normally, the useful service life of these parts under ideal condition is about 30,000 h. However, due to the large
dimensions of cracks (length larger than 20 mm and depth larger than 6 mm) developed in some of the insert rings, the
cracked rings had to be replaced.
The operating conditions that include consecutive TURN-ONs and TURN-OFFs, lead to sudden warming and cooling of the
insert ring and create the conditions for the occurrence of low-cycle thermal fatigue phenomenon. However, these
consecutive TURN-ONs and TURN-OFFs are the normal operating conditions and according to normal service life
assumptions these parts should have a lifetime about 30,000 h. Thus, in order to prevent early and premature failure of these
parts, the cracked rings were analyzed to ﬁnd the main failure mechanism.Fig. 2. Photographs of the insert ring: (a) cracks and thickness reduction and (b) surface wrinkles.
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To ﬁnd out about the main reason of failure of the used insert rings, hardness test, microstructure evolution and chemical
analyses were conducted on the following samples. Sample No. 1 is a new part made of 20Cr32Ni1Nb alloy. Sample No. 2 has
operated for 5000 h at a temperature of 350 8C, and sample No. 3 (the Ex-service insert ring) has operated for 5000 h inside
the combustion chamber.
4. Results and discussion
Table 1 lists the composition of alloy elements that make up two samples. One sample is a new (unused) cast part with the
composition of 20Cr32Ni1Nb and the other is a so-called Ex-service sample of the used ring which has operated for 5000 h
inside the combustion chamber.
According to composition changes of the Ex-service alloy it seems that the main element which is different from the
standard composition of this alloy is carbon that could be changed due to decarburization which would occur in contact with
oxidizing environment. However, this composition change could result in the reduction of the strength of the alloy and so
leads to failure of the part.
The hardness of the samples was measured to ﬁnd out about the mechanical properties changes of the used insert ring.
Sample No. 1 is a new part made of 20Cr32Ni1Nb alloy. Sample No. 2 has operated for 5000 h years at a temperature of
350 8C, and sample No. 3 (the Ex-service insert ring) has operated for 5000 h inside the combustion chamber. The results of
hardness tests have been presented in Table 2. These results indicate that with the passage of time and increment of the
service temperature hardness values have reduced dramatically.
The reduction of hardness value in Ex-service sample indicates that the failure of the ring would be due to structural
changes during service. The microstructure of as cast alloy 20Cr32Ni1Nb has been shown in Fig. 3. The main structure
includes an austenitic matrix containing eutectic carbides with interdendritic precipitates together along with ﬁne
secondary carbide particles deposited in the austenitic matrix.
The number and the density of secondary intra-dendritic carbides are very high, resulting in the creation of adequate
mechanical strength. The composition of the precipitates would have a great effect on high temperature properties. The main
and widely observed precipitates in this alloy in as cast condition are known to be as follows: Nb-rich MC and Cr-rich M23C6
in which MC precipitates (the dark phase) contain high chromium and the bright one has high niobium in BSE images of
electron microscope [6]. EDX analysis indicates that M23C6 and MC precipitates are dispersed in the matrix and grain
boundaries as secondary carbides and eutectic thin-plate shape particles that are niobium rich. Table 3 exempliﬁes the EDX
analysis of Cr and Nb rich particles.
The EDX analysis of precipitates in as cast condition conﬁrms that the precipitates in as cast condition are divided into
two groups of Nb and Cr rich carbides. Furthermore, considering the hardness results indicate that the number and the
density of carbides are very high, resulting in the creation of adequate hardness value.
Microstructural Ex-service part was studied to ﬁnd out the changes that had occurred during service so that the hardness
value dropped to 150 HV in comparison to the hardness value of 233 HV in as cast condition. Fig. 4 shows the microstructure
of Ex-service part.
According to Fig. 4, the continued utilization of the Ex-service part during 5000 h has led to the densiﬁcation and
elimination of great deal of intra-dendritic carbides and has led to the creation of precipitate free zones besides eutecticTable 2
Vickers hardness test results from the matrix.
Hardness (HV) Temperature (8C) Sample No.
233 20 1
203 350 2
150 Equal to combustion chamber 3
Table 1
Composition of a 20Cr32Ni1Nb Cast and Ex-service alloys (wt%).
Ex-service 20Cr32Ni1Nb Material
Balance Balance Fe
32.6 32.8 Ni
19.33 19.11 Cr
1.1 1.20 Nb
1.08 1.10 Si
0.88 0.90 Mn
0.028 0.10 C
0.004 0.003 S
Fig. 4. The microstructure of Ex-service part.
Table 3
EDX analysis of Cr and Nb rich particles in as cast sample.
Phase Nb (at%) Cr (at%) Fe (at%) Ni (at%)
Dark 16 63 12 8
Bright 61 12 15 11
Fig. 3. The microstructure of as cast alloy 20Cr32Ni1Nb.
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particles were also detected that were Cr rich phases. However, it is obvious that the Cr rich precipitates are mostly
eliminated. Table 4 exempliﬁes the EDX analysis of Cr and Nb rich particles.
This analysis has indicated an increase in the quantity of Nb element in the precipitates. Thus, it seems that dissolution of
interdendritic precipitates associated with enlargement of Niobium rich precipitates result in precipitate free zone and
reduced mechanical properties.
Reduced mechanical properties due to microstructural evolution would be the main reason for early and premature
failure. However, in order to recognize the fracture mechanism the crack propagation type and fractured surfaces were
analyzed using optical and scanning electron microscopy.
Table 4
EDX analysis of dark and bright particles inside the Ex-service part.
Nb (at%) Cr (at%) Fe (at%)
Dark 49.21 45.89 4.90
Bright 94.54 3.41 2.05
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Crack propagation path and the fractured surface are shown in Fig. 5. As shown in Fig. 5a the cracks are propagation in
different parallel paths while the cracks seems to be propagated throw joining of some voids. A view of end portion of crack
shown in Fig. 5b indicates that the cracks are formed due to joining of voids that are formed in front of the cracks. Considering
the thickness reduction of the insert ring shown in Fig. 2 and this kind of crack growth it could be concluded that the failure is
due to high stress values conducted throw thermal expansions.
Fig. 6 illustrates the main site of the formed voids in front of the cracks and the micromechanism of the fracture.
According to Fig. 6a the micromechanism of the fracture is ductile and dimples are obviously observed. Fig. 6b shows theFig. 6. (a) Microstructure of the fractured surface and (b) the main site of the formed voids in front of the cracks.
Fig. 5. Optical microscope image of (a) branched cracks and (b) voids formed in front of cracks.
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enlargement of precipitates resulted in the premature failure due to (1) reduction of mechanical properties and (2) providing
preferred void generation sites.
6. Conclusions
A work duration of 5000 h at the maximum service temperature resulted in the enlargement and elimination of a large
quantity of intra-dendritic carbides in the Ex-service parts. Moreover, a signiﬁcant increase of Nb was detected in the inter-
metallic MC carbides.
The microstructural changes during 5000 h indicated that the service temperature was more than the standard working
temperature of this material.
Decarburization and precipitate enlargement resulted in the reduction of mechanical properties that led to the
deformation of ring at high temperature due to thermal stresses. Furthermore, enlarged Nb rich precipitates were proper
sites to generate voids in front of the crack path that joining of the voids resulted in crack propagation.
The main reason for early and premature failure of the insert ring was due to severe service condition such as high
temperature and oxidizing atmosphere of the combustion chamber near the burner that could be due to switching the gas
fuel to gasoline or even inclination of the burner ﬂame.
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